Abstract--An adaptive passivity based control scheme is proposed for the stabilization of average model of extendedperiod quasi-resonant (EPQRC) power converter. The output load of the converter is assumed constant but unknown. A generalized state space average model of a buck-type series-mode extended-period quasi-resonant converter (SM-EPQRC) is derived. The adaptive controller is designed based on the derived model and the passivitybased control (PBC) technique. Simulation results are presented to illustrate the features of the proposed controller.
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Index Terms--DC-DC power converter, modeling, adaptive control I. INTRODUCTION Quasi-resonant power converters are derived from pulse-width modulation (PWM) dc-dc converters by replacing the switching device with a resonant switch [1] . The resonant switch which is a combination of inductor and capacitor to shape the switching device's current and/or voltage wave-shapes quasi-sinusoidal. Zerocurrent or zero-voltage conditions are created for the switching device operate at very low switching losses. Despite of the success to reduce switching losses, the control scheme of quasi-resonant converters (QRC) suffered from a complicated frequency-control by varying the switching frequency in order to achieve voltage regulation. Therefore, quasi-resonant converters (QRC) operating at constant switching frequency have been proposed [2] [3] [4] [5] [6] . By adding an extended period switch, soft-switching and duty-cycle control are proposed in [4] [5] [6] . The extended period circuit is added in a quasiresonant converter, either in a series configuration with the resonant switch, or in a parallel configuration with the resonant switch. These soft-switching converters are especially useful in the application of high efficiency and high frequency power converter systems.
Recently, the feedback control of the buck and boost type QRC have been studied [7] [8] [9] (e-mail: eehfhoApolyu.edu.hk, eeechengApolyu.edu.hk). based control scheme is proposed to the stabilization of the buck and boost QRC. In this paper, the development of an adaptive passivity-based control for the stabilization of the SM-EPQRC is presented. In this work, the output load resistance of the converter is assumed constant but unknown. The controller design is carried out using the derived generalized state space average model of the SM-EPQRC and follows the ideas of passivity-based approach reported in [8] [9] , [12] [10] Consider a periodically switched network with m different switched modes in each switching cycle. The state equation in each operation mode is described by
where x E R' is the state vector of the system, Ai E R" Pis the state matrix, Bi E R' is the input control variable functions. The ith equation of (1) 
where T3d is the extended period, ,u is the duty ratio and T = 1/f is the switching period. 
2) Resonant State A [ Fig.2 (25)
The duration of this state is given by
(26) The differential equations of the six operation modes given by (6) , (9), (13), (16), (21) and (25) can be written in the following form: Fig. 3 with
It is noted that the voltage conversion ratio of (29) which is the same as that given in [4] , [6] and the constant equilibrium values z1 and z2 for a constant duty ratio u = U are given by
Vd =V(U+ T(V ,z,)) (32) The initial value of parameter 0 was set by 0(0) 1.5 and let the learning rate y 60 . The desired average output voltage used was Vd = 25V this corresponds to an ideal average input current Id = Vd I R = 1.67A, with a steadystate duty ratio of U = 0.149 and the desired parameter value was / R =0.067S Fig. 4 shows the closed-loop state trajectories of the average output voltage, the average output current, the duty ratio function, the estimate load resistance value and the magnitude of the perturbation noise. It can be seen that the passivity-based adaptive controller achieves the desired stabilization of the output voltage with unknown load and external perturbation. In this paper, the modeling and controller design have been proposed for the SM-EPQRC. A GSSA model based on EL system of the converter has been derived. A passivity-based adaptive voltage regulation scheme has been developed for the buck-type SM-EPQRC. Simulation has been proposed to illustrate the robust performance ofthe closed-loop system. 
